We present an analysis of Hubble Space Telescope/WFPC2 images of six nearby galaxies in the projected vicinity of IC 342: Cas dSph, KK 35, UGCA 86, Cam A, NGC 1560, and Cam B. We derive distances to five of them from the luminosity of the tip of the red giant branch stars with a typical accuracy of ∼10%. and Cam C = KK 26, turn out to be Galactic cirrus and a Galactic H  region, respectively. Cas dSph belongs to the Local Group and is a companion of M 31. Combining our data with literature results, we find that there are seven dwarf galaxies associated with the giant spiral galaxy IC 342. This group is characterized by an average distance of (3.28 ± 0.15) Mpc, an average radial velocity of (229 ± 23) km s −1 , a projected radius of 322 kpc, a radial velocity dispersion of 60 km s −1 , and a total blue luminosity of 3.43 × 10 10 L . The derived virial and orbital mass-to-luminosity ratios are 20 and 28 M /L , respectively. The galaxy group around Maffei 1 has so far a less reliable distance of ∼3.0 Mpc and an average radial velocity of (309 ± 22) km s −1 . This group consists of eight galaxies and is characterized by a projected radius of 112 kpc, a radial velocity dispersion of 59 km s −1 , and a total blue luminosity of 2.97 × 10 10 L . For the Maffei group we estimate mass-to-light ratios of M vir /L B = 16 and M orb /L B = 5 in solar units. The sum of the virial (119 × 10 10 M ) and orbital (109 × 10 10 M ) masses of both groups agree well with their total mass, (107 ± 33) 10 10 M , derived from the radius of the "zero velocity surface", R 0 = (0.9 ± 0.1) Mpc, which separates the IC 342/Maffei complex from the Hubble flow.
Introduction
Among nearby galaxy groups that are comparable with the Local Group (LG) in their integrated luminosity and number of galaxies, the group of galaxies around IC 342, Maffei 1, and Maffei 2 is one of the nearest ones. Since the distances to the dominant members of this group were only poorly known and since some of these galaxies were believed to be very close to the LG, Zheng et al. (1991) , Valtonen et al. (1993), and Peebles (1994) have suggested that the IC 342/Maffei complex might affect essentially the trajectories of galaxies in the LG. However, in spite of its "strategic" disposition with respect to us, the IC 342/Maffei group remained a less studied group because of strong extinction by dust clouds in the , where the emission of Galactic neutral hydrogen makes radial velocity measurements extremely difficult. Most of the galaxies of the group were only discovered during the last decade through special searches in the H  line (Kraan-Korteweg et al. 1994; Huchtmeier et al. 1995; Huchtmeier & van Driel 1996; Huchtmeier et al. 1997) , as well as in the infrared and optical (McCall & Buta 1995; Karachentseva & Karachentsev 1998; Karachentsev et al. 2001) . The general properties of the IC 342/Maffei group have been described by Krismer et al. (1995) , Karachentsev et al. (1997) , Buta & McCall (1999) , and Huchtmeier et al. (2000) .
At the present time, studying structure and kinematics of the IC 342/Maffei complex is restrained by a lack of data on distances to its members. Only recently, accurate distances have been measured to the three dwarf galaxies: UGCA 105, KKH 5, and KKH 34 from the luminosity of their red giant stars (Karachentsev et al. 2002a (Karachentsev et al. , 2003a . The distance to the brightest group member, IC 342, was determined by Saha et al. (2002) from the P − L relation for Cepheids. Fingerhut et al. (2003) estimated the distance to the elliptical galaxy Maffei 1 using its central velocity dispersion and I band photometry. In the present paper we determine new distances to five more galaxies in the vicinity of IC 342 based on their tip of red giant branch (TRGB) derived from the Hubble Space Telescope (HST) images. Together with the earlier published data, this gives us the opportunity to analyze the structure of the group and to determine its total mass for the first time.
WFPC2 photometry
Images of six galaxies were obtained with the Wide Field and Planetary Camera (WFPC2) aboard the Hubble Space Telescope between July 12, 1999 and February 28, 2000 as part of our HST snapshot survey of nearby galaxy candidates (Seitzer et al. 1999; Grebel et al. 2000) . The galaxies were observed with 600-s exposures taken in the F606W and F814W filters for each object. Digital Sky Survey (DSS) images of these galaxies are shown in Fig. 1 with the HST WFPC2 footprints superimposed. The field size of the red DSS-II images is 8 . The galaxies were usually centered on the WF3 chip. The WFPC2 images of the galaxies are presented in the upper panels of Fig. 1 in the Appendix, where both filters are combined.
For photometric measurements we used the HSTphot stellar photometry package developed by Dolphin (2000a) . The package has been optimized for the undersampled conditions present in the WFPC2 to work in crowded fields. After removing cosmic rays, simultaneous photometry was performed on the F606W and F814W frames using multiphot, with corrections to the aperture with a radius of 0. 5. Charge-transfer efficiency (CTE) corrections and calibrations were then applied, which are based on the Dolphin (2000b) formulae, producing V, I photometry for all stars detected in both images. Additionally, stars with a signal-to-noise ratio S/N < 3, | χ | > 2.0, or | sharpness | > 0.4 in each exposure were eliminated from the final photometry list. The uncertainty of the photometric zero point is estimated to be within 0. m 05 (Dolphin 2000b) .
TRGB distances to five galaxies in the vicinity of IC 342
The tip of the red giant branch (TRGB) method provides an efficient tool to measure galaxy distances. The TRGB distances agree with those given by the Cepheid period-luminosity relation to within 5%. As shown by Lee et al. (1993) , the TRGB is relatively independent of age and metallicity. In the I band the TRGB for low-mass stars is found to be stable within ∼0. m 1 (Salaris & Cassisi 1997; Udalski et al. 2001 ) for metallicities, [Fe/H] , encompassing the entire range from −2.1 to −0.7 dex found in metal-poor Galactic globular clusters. m 05. It should be mentioned that the distances to the Magellanic Clouds and to Milky Way globular clusters, which set the zero point of the extragalactic distance scale, are still a subject of discussions. For example, Udalski (2000) calibrated the TRGB method using red clump stars of the Magellanic Clouds and get M I value by 0. m 2 greater than adopted in our paper. In our work, we use the Da Costa & Armandroff distance scale, which is consistent with the aforementioned Cepheid calibrations and which was also adopted in our preceding papers in this series 2000a ,b, 2001a ,b, 2002a -c, 2003a Dolphin et al. 2001; Sarajedini et al. 2002; Makarova et al. 2002) , thus ensuring that all of these distance measurements are on the same scale.
The lower left panels of Fig. 1 in the Appendix show I, (V − I) color-magnitude diagrams (CMDs) for the six observed galaxies.
We determined the location of the TRGB using a Gaussiansmoothed I-band luminosity function (LF) for red stars with colors V − I within ±0. m 5 of the mean V − I expected for red giant branch stars. Following Sakai et al. (1996) , we applied a Sobel edge-detection filter. The position of the TRGB was identified with the peak in the filter response function. The resulting LFs and the Sobel-filtered LFs are shown in the lower right corners of Fig. 1 in the Appendix. The results are summarized in Table 1 . There we list: (1) galaxy name; (2) equatorial coordinates of the galaxy center; (3) galaxy major axis diameter and axis ratio; (4) apparent integrated blue magnitude from the NASA Extragalactic Database (NED) and Galactic extinction in the B-band from Schlegel et al. (1998) ; (5) morphological type in de Vaucouleurs' notation; (6) heliocentric radial velocity and radial velocity with respect to the LG centroid (Karachentsev & Makarov 1996) ; (7) position of the TRGB and its uncertainty as derived with the Sobel filter; (8) true distance modulus with its uncertainty, which takes into account the uncertainty in the TRGB, as well as uncertainties of the HST photometry zero point (∼0. m 05), aperture corrections (∼0. m 05), and crowding effects (∼0. m 06) added quadratically; (for more details on the total budget of internal and external systematic errors for the TRGB method see Mendez et al. 2002) ; and (9) linear distance in Mpc and its uncertainty.
Given the distance moduli of the galaxies, we can estimate their mean metallicity from the mean color of the TRGB measured at the absolute magnitude M I = −3.5, as recommended by Da Costa & Armandroff (1990) . Based on a Gaussian fit to the color distribution of the giant stars in a corresponding I-magnitude interval (−3.5 ± 0.3), we derived their mean colors, (V − I) −3.5 , which lie in the range of 1. m 38 to 1. m 43 after correction for Galactic reddening. Following the relation of Lee et al. (1993) , this provides us with mean metallicities −1.42 dex > [Fe/H] > −1.58 dex, listed in the last column of Table 1 . With the typical statistical scatter of the mean color (∼0. m 05), and uncertainties of the HST photometry zero point we expect the uncertainty in metallicity to be about 0.3 dex. Therefore, within the measurement accuracy the metallicities of the galaxies satisfy the required limitation, [Fe/H] < −0.7 dex. Some individual properties of the galaxies are briefly discussed below.
Cas dSph = KKH 96. This dwarf spheroidal galaxy of very low surface brightness was discovered by Karachentsev & Karachentseva (1999) . Grebel & Guhathakurta (1999) and Tikhonov & Karachentsev (1999) detected its RGB population and determined the galaxy distance to be 760 ± 70 kpc and 708 kpc, respectively. According to Grebel & Guhathakurta (1999) , the central surface brightness of Cas dSph is (24.2 ± 0.2) m / in the V band. The galaxy radial velocity, −307 ± 2 km s −1 , was measured by Guhathakurta et al. (2000; see Table 1 in Evans et al. 2000 for additional details). Our WFPC2 field covered only the central part of Cas dSph, nevertheless, we detected about 11 000 stars seen in the galaxy in both filters. The CMD for them shows a sharp narrow branch of red giants. The TRGB position corresponds to I(TRGB) = 20. m 83 ± 0. m 05, which yields a distance of 0.79 ± 0.04 Mpc, which is slightly higher than the previous TRGB estimates and agrees within the uncertainties with Grebel & Guhathakurta's value. The distance is consistent with the distance of M 31, 0.77 ± 0.03 Mpc derived from cepheids (Ferrarese et al. 2000) , which confirms that Cas dSph is a peripheric companion to M 31. For a complete listing of the presently known and presumed M 31 companions see Table 1 in Grebel et al. (2003) . The deprojected distance of Cas dSph to M 31 remains ∼220 kpc as given in the preceding reference.
KK 35. This object was found as an isolated spot of very low surface brightness with a size of 2. 5 × 1. 7 situated at outer periphery of IC 342, 16 south of its center. It has been resolved into stars with CCD images obtained at the 6-m telescope (SAO RAS). Our surface photometry of KK 35 yielded a total magnitude B T = 15. m 7. Makarov & Karachentsev (2003) determined its radial velocity, −66±3 km s −1 , from the H α line.
The emission of H  with a velocity of +105 ± 2 km s −1 , detected by Huchtmeier et al. (2003) in the direction to KK 35, apparently belongs to the Galactic hydrogen. Newton (1980) derived a detailed map of the H  distribution in IC 342. On this map the H  disc extends 40 away from the galaxy center, and in the KK 35 position an overdensity of H  with a radial velocity of about −55 km s −1 is seen. These data show that KK 35 may be not an isolated dwarf galaxy, but a complex of young stars and gas on the outer disc of IC 342 itself. The CMD of KK 35 (Fig. 1 in the Appendix) shows the presence of a mixed population of blue and red stars. The TRGB is determined rather unreliably because of its close position to the photometric limit and the significant Galactic extinction. Adopting I(TRGB) = 24. m 50, we obtain the distance to KK 35 to be (3.16 ± 0.32) Mpc in agreement with the distance to IC 342, (3.28 ± 0.26) Mpc, derived from cepheids.
UGCA 86. This Magellanic type irregular galaxy has an angular dimension of 4. 6 × 3. 1 and a total magnitude of B T = 13. m 5. At its southern edge there is a bright region of active star formation, VII Zw9, which lies outside the WFPC2 view. Karachentsev et al. (1997) determined the galaxy distance to be (2.65 ± 0.53) Mpc from the luminosity of the brightest blue and red stars. The extinction towards UGCA 86, A B = 3. m 82, was estimated based on the integrated galaxy color. It is slightly lower than the value A B = 4. m 06 from Schlegel et al. (1998) . The central part of the galaxy imaged with WFPC2 contains about 9000 stars detected in both filters. The CMD for them is shown in Fig. 1 in the Appendix. Due to the significant color excess, E(V − I) = 1.21, the tip of RGB is situated below the detection limit of our CCD images. Adopting I(TRGB) ≥ 24. m 5, we obtain the lower limit of the distance to the galaxy, D ≥ 2.2 Mpc. Applying the Sobel edge-detection filter yields a peak at I = 24.14 ± 0.18, which is probably caused by the incompleteness of photometric data on red stars with colors (V − I) > 2.5 mag. Circumstantial evidence for a larger distance of UGCA 86 is also provided by its large positive velocity residual with regard to the main locus of the IC 342/Maffei group and of the LG (see Fig. 1 in Grebel 1997) .
Cam A = KK 41. This irregular galaxy of very low surface brightness with a size of 3. 7 × 2. 1 was found by Karachentsev (1994) and then included into the list of nearby galaxy candidates by Karachentseva & Karachentsev (1998) . Subarcsecond CCD images of Cam A in the I band have been obtained at the 2.6-m Nordic telescope by , who estimated the galaxy distance to be 1.9 Mpc. Gallart et al. (1999) made deeper CCD imaging of Cam A in the V, I bands and noted that the galaxy may be situated at a much larger distance. According to the latest observations by Makarov & Karachentsev (2003) and Huchtmeier et al. (2003) , Cam A has been detected in the H α line and in the H  with a radial velocity of (−49 ± 3) km s −1 and (−47 ± 1) km s −1 , respectively. The CMD of the central part of Cam A (Fig. 1 in the Appendix) contains about 3800 blue and red stars, particularly, RGB stars. The TRGB position corresponds to I(TRGB) = 24. m 33 ± 0. m 25, yielding a distance (3.93 ± 0.47) Mpc.
NGC 1560. This edge-on Sdm galaxy was resolved into stars for the first time by Karachentsev et al. (1991) , who determined its distance to be (2.98 ± 0.56) Mpc based on the luminosity of the brightest stars. Being of 9. 8 × 1. 5 in size, NGC 1569 extends far beyond the WFPC2 field of view. In its central part our HST photometry reveals about 16 000 stars. Their CM diagram in Fig. 1 in the Appendix shows the presence of a mixed population of blue and red stars, in particular, RGB and AGB stars. Applying the Sobel filter yields I(TRGB) = 24.01 ± 0.21 and a corresponding distance of (3.45 ± 0.36) Mpc. It appears from Table 1 that NGC 1560 and Cam A are separated by a projected distance of 1.
• 1 or ∼65 kpc, and their radial velocity difference is only 7 km s −1 . The derived distances of NGC 1560 and Cam A are consistent with the idea that they form a relatively isolated pair inside the IC 342/Maffei group.
Cam B = KK 44. This irregular galaxy of low surface brightness with an angular dimension of 2. 2 × 1. 1 was found by Karachentseva & Karachentsev (1998) and then detected in the H  line by Huchtmeier et al. (1997 Huchtmeier et al. ( , 2003 . Our HST photometry of Cam B finds about 1600 stars belonging mostly to RGB (see Fig. 1 in the Appendix). Based on the TRGB position, (23. m 99 ± 0. m 19), we derived a galaxy distance of (3.34 ± 0.32) Mpc, which shows Cam B to be an IC 342 group member.
On the structure and kinematics of the IC 342/Maffei complex
To study the 3-D structure of the IC 342/Maffei group, we collected the most complete sample of data on all known nearby galaxies situated in this region of the sky using our own data and data from the literature. Table 2 presents the following characteristics of the 26 galaxies in our sample: (1) galaxy name; (2) equatorial (epoch 1950.0) coordinates; (3) angular separation θ from IC 342 in degrees; (4) morphological type; (5) heliocentric radial velocity in km s −1 , (6) radial velocity in the LG rest frame (Karachentsev & Makarov 1996) ; (7) H  line width (in km s −1 ) at the 50% level of the maximum from LEDA (Paturel et al. 1996) ; (8) apparent integrated magnitude from NED or Buta & McCall (1999) ; for some galaxies the blue total magnitudes were estimated from the known V and I magnitudes based on the mean color-color relation, (B − V) 0 = 0.85(V − I) 0 − 0.20, which is valid for latetype galaxies (Makarova 1999 ); (9) Galactic extinction in the B-band from Schlegel et al. (1998) ; the values indicated with an asterisk were estimated from the individual color excess of the galaxies; (10) distance to the galaxy in Mpc and method used 
(1) Karachentsev et al. (2003a) , (2) Fingerhut et al. (2003) , (3) present paper, (4) Saha et al. (2002) , (5) Karachentsev et al. (1997) , (6) Makarova & Karachentsev (2003) , (7) Karachentsev et al. (2002a) , (8) Karachentsev et al. (2002b) .
for distance measurement ("Cep" -from Cepheids, "RGB" -from the TRGB, "bs" -from the luminosity of brightest stars, "mem" -from assumed subgroup membership, "H72" -from the Hubble relation with H 0 = 72 km s −1 Mpc −1 ); here the distances to two spiral galaxies, Maffei 2 and Dwingeloo 2, were estimated by us from the Tully-Fisher relation, M B = −7.0 log(W c )−1.8, where W c is the H  line width corrected for the galaxy inclination; (11) absolute magnitude of the galaxy. The last column gives the distance data reference.
The distribution of the 26 galaxies from Table 2 is presented in Fig. 2 in Galactic coordinates. The radial velocities of the galaxies with respect to the LG centroid are indicated by numbers. The galaxies prove to concentrate around two centers, IC 342 and Maffei 1. However, the empty zone seen between them may also be caused by strong Galactic extinction. Referring to Table 2 , we recognize the luminosity of the giant spiral galaxy IC 342 to be more than twice as high as that of all other galaxies in this complex. Therefore, we consider IC 342 as the dynamical center of the whole group. The Hubble diagram showing velocity versus distance for the 26 galaxies is given in Fig. 3 . Galaxies with accurate distance estimates ("Cep", "RGB") are shown by filled circles, while galaxies with poorly determined distances are indicated by crosses, and the brightest galaxies, IC 342 and Maffei 1, are shown as squares. The solid line corresponds to the Hubble parameter H = 72 km s −1 Mpc −1 . At small distances the line deviates from a straight line because of the decelerating gravitational action of the Local Group, the total mass of which is adopted to be M LG = 1.3×10
12 M (Karachentsev et al. 2002a ). Note that with respect to the Hubble regression, IC 342 has a low peculiar velocity, +27 km s −1 .
Based on the data in Figs. 2 and 3 , we can describe the structure of the galaxy complex in the following way. Apart from the galaxies apparently belonging to the foreground (Cas dSph, NGC 1569, UGCA 92), background (KKH 5, KKH 6, KKH 34 and, probably, KKH 37) , and the M 81 group outskirts (NGC 2366, DDO 44, NGC 2403), the remaining 16 galaxies seem to be members of the binary group IC 342/Maffei1. Among them the 7 dwarf galaxies, KK 35, UGCA 86, NGC 1560, Cam A, Cam B, Cas 1, and UGCA 105, are probable companions of IC 342. The seven galaxies Maffei 2, MB 1, MB 3, Dw 1, Dw 2, KKH 12, and KKH 11 are associated with Maffei 1. In Fig. 2 these companions are connected to the principal galaxies with straight lines.
It should be mentioned that we also obtained the WFPC2 images of seven more objects in the IC 342/Maffei region. Two of them, MB 2 and Cam C = KK 26, turn out to be Galactic cirrus and a Galactic H  region, respectively. The other five galaxies, Cas 1, Maffei 1, Maffei 2, MB 1, and Dw 2 are too strongly obscured, which does not allow us to detect their TRGB.
Mass estimates of the groups
The total mass of each group can be estimated from the virial balance of kinetic and potential energies (Limber & Mathews 1960) ,
where N is the number of galaxies in the group, σ 2 v is the radial velocity dispersion, R H is the mean projected harmonic radius, and G is the gravitational constant. This approach assumes that the characteristic crossing time of the group, T cross = R p /σ v , is low in comparison to the age of the Universe (here R p means the average projected radius of the group). 
T cross , Gyr 5.4 1.9
Another way to estimate the total mass of a group was proposed by Bahcall & Tremaine (1981) . Assuming the motions of dwarf galaxies around the main group member to be closed Keplerian motions with orbit eccentricity e, in the case of random orientation of galaxy orbits we obtain
where R p and ∆V are the projected distance and radial velocity of the companion with respect to the main group member. The basic dynamical parameters of the groups around IC 342 and Maffei 1 are presented in Table 3 . In the case of orbital mass estimates the mean eccentricity e = 0.7 is adopted. As seen from these data, the crossing time of both groups, 5.4 Gyr and 1.9 Gyr, is shorter than the time of cosmic expansion, 1/H 0 . The virial/orbital mass-to-luminosity ratios of the groups lie in the range 5 to 28 M /L . According to Lynden-Bell (1981) and Sandage (1986) , in the expanding universe any group dense enough with a total mass M 0 may be characterized by a "zero-velocity surface", which separates the group from the Hubble flow. In the case of spherical symmetry, the radius of this surface, R 0 , is expressed via the total mass of the group and the Hubble constant, H 0 , by a simple relation
For estimating R 0 , we calculated the spatial separation from IC 342 for any galaxy with a distance D and a radial velocity V,
and its projected radial velocity with respect to IC 342,
where tan λ = D IC 342 sin θ/(D − D IC 342 cos θ). Here we assumed that the peculiar velocities of the galaxies are low in comparison with the velocities of the regular Hubble flow. The estimated values (V − V IC 342 ) p and R for 16 galaxies around IC 342 are presented in Fig. 4 . It appears that all galaxies outside R = 0.9 Mpc move away from IC 342. Based on these (still incomplete) data, we can conclude that the radius of the zerovelocity surface for the IC 342 group is R 0 = 0.9 ± 0.1 Mpc. According to Eq. (3) this corresponds to a total mass of M T = (107 ± 33) × 10 10 M or M T /L B = (17 ± 5) M /L , which is consistent with the virial/orbital mass estimates derived above.
Note, however, that more than half of the IC 342/Maffei group galaxies do not yet have accurate distance measurements. In particular, some authors presented arguments in favour of a long distance scale of ∼(4−5) Mpc to Maffei 1 (Luppino & Tonry 1993; Davidge & van den Bergh 2002) and Dw 1 (Ivanov et al. 1999) . So far, we have no reliable observational data on distances to Maffei 1 companions to decide whether the IC 342 group and the Maffei group are moving away from each other or merging.
Concluding remarks
New accurate measurements of distances to galaxies around IC 342 led to a better understanding of the structure and kinematics of this nearest complex of galaxies strongly obscured by Galactic dust clouds. The IC 342 group itself contains 8 probable members, which have a mean distance of (3.28 ± 0.15) Mpc and a mean radial velocity of (229 ± 23) km s −1 . The IC 342 group is characterized by a projected radius of 322 kpc, a radial velocity dispersion of 60 km s −1 , and a total blue luminosity 3.43 × 10 10 L . We derived the virial mass-to-luminosity ratio of the group to be in the range of [20] [21] [22] [23] [24] [25] [26] [27] [28] M /L . The peculiar radial velocity of IC 342 with respect to the Hubble flow (with H 0 = 72 km s −1 Mpc −1 ) is only +27 km s −1 . The galaxy group around Maffei 1 has so far a less reliable distance of ∼3.0 Mpc (Fingerhut et al. 2003 ) and a mean radial velocity of (309 ± 22) km s −1 . The Maffei group contains 8 probable members as well, but most of them have been discovered only in the last few years. It seems likely that the total population of both groups is underestimated because of the strong Galactic extinction. The Maffei group is characterized by a projected radius of 112 kpc, a radial velocity dispersion of 59 km s −1 , a total blue luminosity of 2.97 × 10 10 L , and a virial mass-to-luminosity ratio in the range of [5-17] M /L . Therefore, both groups have rather low virial mass-to-luminosity ratio estimates. The sum of the virial (119 × 10 10 M ) and orbital (109 × 10 10 M ) mass estimates well agree with the total mass of the IC 342/Maffei complex (107 ± 33) × 10 10 M , derived from its radius of the "zero velocity surface", R 0 = (0.9 ± 0.1) Mpc, which separates the complex from the general Hubble flow. The centers of both the groups are separated by a projected distance of ∼700 kpc. At present, it is unclear whether the group centers are approaching each other (like M 31 and the Milky Way), or are moving away from each other (like in the Cen A and M 83 groups; see Karachentsev et al. 2002c) .
